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Abstract 
A cross plane potentiometric micro gas sensor has been developed. The device is based on a thin electrolyte membrane deposited 
on a silicon micromachined platform. This new fabrication route combines industrial clean room batch production processes with 
the use of nanometric thin films of Ytria Stabilized Zirconia as solid electrolyte. The membrane was deposited by means of large
area pulsed laser deposition (PLD). The use of membranes of nanometric thickness (200 nm) can lead to a drastic reduction of 
the power consumption. On the one hand, the volume of the active part of the sensor is extremely reduced, implying a rapid 
heating with minimum power. On the other hand, the thin electrolyte has a lower resistance, making possible to reduce the 
operating temperature and increase the response velocity. This new paradigm opens the way for the fabrication of reliable, low 
cost, low consumption and rapid gas sensors. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Lambda sensor consists in a solid-state electrochemical cell that provides a potential proportional to the logarithm 
of the oxygen concentrations at its electrodes. Robert Bosch GmbH first introduced this sensor in the sixties, using 
bulky zirconia devices. It was applied to measure the exhaust gas concentration of oxygen on internal combustion 
engines in vehicles until, at the end of the nineties, a planar lambda sensor (also from Robert Bosch GmbH) took 
over this role. A significant reduction of mass and the incorporation of buried heaters resulted in a faster sensor with 
a more rapid starting.  
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The presented work aligns with this miniaturization approach and has the aim of further expanding the availability 
of gas sensors. The atmosphere monitoring is of primary importance in many fields and is expected to have an 
increased demand in the near future. For example, the use of hydrogen as energy vector in the coming years will be 
a considerable opportunity for gas sensor manufacturers. Also, industry trends go towards the use of nets of portable 
wireless gas sensors (ubiquitous sensor networks) [1, 2]. This will impose a reduction of the power consumption of 
the current typically power hungry gas sensors. The extremely reduced mass of the presented device, together with 
the flexibility of microelectronics (introduction of contact pads, heaters etc.) represents a step forward on this 
direction [3-6].  
 A Si3N4 sacrificial self supporting membrane is fabricated as the support for the active part of the sensor. Silicon 
nerves are introduced that provide mechanical strength and allow a good heat distribution. Fabrication process of this 
device is described elsewhere [7,10]. Figure 1 shows a scheme of the cross section of the device fabricated on a 
silicon chip. The Yttria stabilized zirconia (YSZ) electrolyte is deposited by means of large area PLD at a wafer level 
on a sacrificial Si3N4 300 nm layer (fig 2. a). A doped-silicon hexagonal supporting grid provides with the 
mechanical resistance to large area membranes (see figure 2 b). Finally, porous Pt electrodes are sputtered at both 
sides of the electrolytic membranes.  
       
           
    
              
      
Fig. 1. Scheme of the fabricated device. 
All the processes are carried out at a 10 cm wafer, producing 48 devices in a single batch. After the fabrication, 
single devices are separated by means of a Disco DAD322 silicon dicing saw. The dimensions of the fabricated 
device, including the silicon supporting platform are 10x10x0.3mm. It is mounted and sealed on a ProbostatTM
station using Ag rings as seals and platinum meshes for current collection. The voltage is measured at both sides of 
the sealed device, where two different atmospheres are imposed. In this work, air was always used as reference on 
the upper side of the membrane (outer). In order to test the sensing response of the device, the atmosphere on the 
inner side was changed from pure O2 to 10 ppm O2 in Ar and 5% H2 in Ar. 
Fig. 2. Example of YSZ PLD deposited wafer and detail of a single chip (a). Top-view optical image of a YSZ self-supported membrane (b). 
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2. Results 
The fabrication of micro machined substrates and the YSZ layer deposition by PLD have been achieved at a 10 
cm wafer level. YSZ membrane stands alone in all the surface, holding a thickness variation below 20 % along the 
deposition surface. Figure 2 shows an example of such a set of devices and the detail of a single membrane. The 
platinum electrodes form a porous mesh with an open porosity and good current percolation (see Figure 3).  
Fig. 3. Image of the platinum electrode onto the YSZ membrane. 
Less than one second heating times without damage have been proven. Figure 4 shows sensor response as a 
function of P(O2) at 500 ºC. As can be observed, the measured response is fast and stable. The measurement of the 
voltage at different oxygen concentrations is shown in figure 5, presenting the expected logarithmic behavior in this 
range. 
Fig. 4. E.M.F variation with time and atmosphere at 500ºC, using air as reference atmosphere. (a) alternating cycles of  5%H2 - 10 ppm O2;
(b) Alternating cycles of 10 ppm O2 - pure O2.
Fig.5. Response of lambda sensor to the application of different oxygen partial pressures. 
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3. Conclusions 
The presented work demonstrate for the first time the viability of potentiometric sensors in a nano-membrane 
architecture. Basing on these preliminary results, the presented device constitutes an outstanding innovative 
electrochemical integrated sensor that becomes a new generation after planar lambda sensor and opens large number 
of new potential applications. 
 The use of silicon micro-fabrication techniques imply high flexibility and proved repetitiveness of the fabrication 
process. The extremely reduced thermal mass of the active part of the device allows a rapid heating compared to any 
other potentiometric gas sensor in the literature, leading to. For this reason, a drastic reduction of consumption and a 
rapid start up are expected. 
As immediate future work, heater paths will be introduced on the silicon nerves and the thermal behavior will be 
assessed. At the same time, ceramic electrodes will be tested on the same platform in order to evaluate its behavior 
in terms of operating temperature, gas selectivity and stability. 
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